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The clinical utility of 18F-FDG PET in evaluating salivary gland ma-
lignancies has not been well defined. We therefore evaluated the
utility of 18F-FDG PET in management for patients with salivary
gland cancers. Methods: Thirty-four patients with newly diag-
nosed salivary gland cancers underwent CT and 18F-FDG PET
before surgical resection with radiotherapy. The diagnostic ac-
curacies of CT and 18F-FDG PET for detecting primary tumors
and neck metastases were compared with a histopathologic ref-
erence. We determined the relationship between the maximum
standardized uptake value (SUV) of the tumor and clinicopatho-
logic parameters such as sex, age, local tumor invasion, T and N
categories, TNM stage, and histologic grade, as well as their as-
sociations with disease-free survival (DFS). Results: 18F-FDG
PET was more sensitive than CT for the detection of primary tu-
mors (91.2% vs. 79.4%; P , 0.05), cervical metastases (80.5%
vs. 56.1%; P , 0.05), and distant metastases in 2 patients at ini-
tial staging. High-grade malignancies had higher mean maxi-
mum SUVs than did low- and intermediate-grade malignancies
(4.6 vs. 2.8; P 5 0.011). T and N categories were independent de-
terminants of DFS (P , 0.05), but the maximum SUV (4.0) was
not. During a mean follow-up of 25.1 mo, 18F-FDG PET correctly
diagnosed local–regional recurrences in 6 patients and new dis-
tant metastases in 9 patients. Conclusion: Our findings indicate
that, in patients with salivary gland malignancies, 18F-FDG PET is
clinically useful in initial staging, histologic grading, and monitor-
ing after treatment but not in predicting patient survival.
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Salivary gland tumors are relatively rare, constituting 3%
of all head and neck neoplasms. Most salivary gland tumors
originate in the parotid gland, with three fourths of parotid
gland tumors being benign. However, the majority of minor

salivary gland tumors are malignant (1). Salivary gland tumors
may be assessed before surgery by clinical evaluation, CT, or
MRI, which is not necessarily specific to the types of tumors
(2). Fine-needle aspiration biopsy (FNAB) is also commonly
used, but its accuracy is not completely reliable in differen-
tiating benign from malignant tumors or in histologic grading,
with a reported accuracy of about 85% in detecting parotid
gland malignancies (2). 18F-FDG PET has been shown to be
superior to conventional imaging in evaluating patients with
head and neck malignancies (3–5). In patients with squamous
cell carcinomas and lymphomas, the major types of head and
neck malignancies, 18F-FDG PETis now used in initial staging,
management of recurrent cancers, and therapeutic monitoring
(6–8). The pathology of salivary gland tumors differs from that
of other head and neck tumors, and the utility of 18F-FDG PET
in evaluating salivary gland cancers is now being investigated
(9–14). Prior studies revealed that 18F-FDG PET alone,
however, cannot be used to classify salivary gland tumors as
benign or malignant (9–11). In addition, previous studies did
not adequately define the role of 18F-FDG PETin management
for patients with salivary gland malignancies (13). We
therefore evaluated the role of 18F-FDG PET in preoperative
staging, histologic grading, and prediction of therapy out-
comes in patients with salivary gland malignancies.

MATERIALS AND METHODS

Patient Population
Patients presenting with histologically confirmed, newly diag-

nosed salivary gland cancers between October 2001 and March
2005 were enrolled in this study. All study patients were assessed
by FNAB as well as by CT and 18F-FDG PET before and at fixed
intervals after treatment. Patients with lymphomas, non–salivary
gland tumors, and tumors metastasizing to the salivary glands;
patients previously treated for salivary gland cancers; or patients
not assessed by 18F-FDG PET before and after treatment were
excluded from this study.

Imaging
All patients in this study underwent PET with an ECAT HR1

scanner (Siemens/CTI), which provided an in-plane spatial resolution
of 4.5 mm (reconstructed resolution of images, 10 mm) and an
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axial field view of 15.5 cm. All patients fasted for at least 6 h
before 18F-FDG PET, and their blood glucose concentrations were
measured; patients with diabetes mellitus had to have blood glu-
cose levels below 200 mg/dL before the scan. All patients rested
for at least 1 h before the 18F-FDG PET scan. Beginning approx-
imately 60 min after the intravenous injection of about 555 MBq
of 18F-FDG, whole-body imaging was performed with the patient
in the supine position. Data were reconstructed into coronal, sag-
ittal, and transverse sections and a 3-dimensional rotating projec-
tion. The standardized uptake value (SUV) was calculated from
attenuation-corrected images, the amount of injected 18F-FDG, the
body weight of each patient, and the cross-calibration factors for
18F-FDG PET and the dose calibrator.

As a separate staging evaluation, CT of the head and neck was
performed with a LightSpeed QX/i scanner (GE Healthcare) or a
Somatom Sensation 16 (Siemens Medical Solutions), with a slice
thickness of 3–5 mm. Patients were placed in the supine position, and
contrast-enhanced axial images were obtained parallel to the occlusal
line from the skull base to the upper chest. In selected patients, direct
coronal or coronal reconstruction images were also obtained.

Treatment
All but 1 patient with distant metastases underwent resection of

the primary tumor with or without neck dissection (Table 1).

Supraomohyoid neck dissection (levels I–III) was performed in 13
patients suspected of having high-grade or locally invasive tumors,
clinically negative involvement of nodes, or involvement of a single
small node. Modified or radical neck dissection (levels I–V) was
performed in 14 patients with involvement of multiple nodes or
extracapsular nodal spread. Bilateral neck dissection was performed
in 1 patient suspected of having bilateral disease. Twenty-seven of
34 patients (79.4%) received postoperative local–regional radio-
therapy (mean dose, 62.3 Gy; range, 34.2–68.4 Gy) with single daily
fractions. One of 2 patients with distant metastases at initial staging
received palliative chemotherapy and radiotherapy, whereas the
other underwent primary tumor resection of an adenoid cystic car-
cinoma despite having lung metastases.

Image Interpretation and Histologic Examination
The degree of suspected malignant involvement was based on

qualitative visual interpretation of the images and determination of
the maximum SUV, a semiquantitative measure of relative 18F-
FDG uptake within the regions of interest. 18F-FDG PET images
were reviewed to calculate the SUV, and a slice containing the
tumor was selected. The maximum SUV of primary tumors was
used as a reference for correlation with survival.

CT results were interpreted by experienced radiologists. Nodes
were considered to have metastatic involvement when central

TABLE 1
Demographic and Clinical Characteristics of Study Population (n 5 34)

Characteristic No. of patients (unless otherwise indicated) % of patients

Men/women 25/9 73.5/26.5

Age, y, mean 6 SD (range) 53.5 6 13.9 (25–72)
Site of primary tumor

Parotid gland 15 44.1

Submandibular gland 13 38.2

Minor salivary gland* 6 17.6
Size of primary tumor, cm, mean 6 SD (range) 3.1 6 1.6 (1.0–9.0)

Pathology

Salivary duct carcinoma 12 35.3

Adenoid cystic carcinoma 10 29.4
Mucoepidermoid carcinoma 4 11.8

Epithelial–myoepithelial carcinoma 3 8.8

Othersy 5 14.7
Histologic grade, G1/G2/G3 9/6/19 26.5/17.6/55.9

TNM classification (AJCC, 2002)

T1–T2/T3–T4 12/22 35.3/64.7

N0/N1–N3 18/16 52.9/47.1
M0/M1 32/2 94.1/5.9

Stages I–II/III–IV 7/27 20.6/79.4

Treatment

Surgery alone 6 17.6
Surgery 1 radiotherapy 27 79.4

Chemotherapy alone 1 2.9

Tumor 18F-FDG uptake
SUV of primary tumor, mean 6 SD (range) 3.8 6 2.1 (1.4–8.7)

SUV category of primary tumor, #4.0/.4.0 19/15 55.9/44.1

SUV of metastatic lymph nodes, mean 6 SD (n 5 16) 4.9 6 2.4 (1.5–8.8)

Follow-up period for survivors, mo, mean 6 SD (range) 25.1 6 13.7 (12.3–56.6)

*Located in buccal cavity (n 5 3), lower lip (n 5 1), hard palate (n 5 1), and nasopharynx (n 5 1).
yIncluding carcinoma in pleomorphic adenoma, acinic cell, lymphoepithelial, squamous cell, and desmoplastic small round cell

carcinomas.

G1, G2, and G3 5 low, intermediate, and high, respectively; AJCC 5 American Joint Committee on Cancer.
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necrosis or nonhomogeneous enhancement was present, when their
largest axial diameter was greater than 1.5 cm in the jugulodigastric
region or greater than 1 cm in other cervical regions, or when there
was a cluster of 3 or more lymph nodes of borderline size. The 18F-
FDG PETand CT readers were unaware of each other’s results or of
the pathology results.

To correlate CT and 18F-FDG PET results, the primary tumor
sites were recorded, and the neck was divided into right and left,
with 5 levels each, encompassing surgically accessible regional
lymph node groups and based on nodal classification by imaging
(15). The neck dissection samples were sorted relative to cervical
levels I–V. Primary tumors and lymph nodes were dissected from
the specimens and histopathologically examined. Local invasive-
ness, the histologic grade of the primary tumors, the total number
of lymph nodes in the specimen, and the presence or absence
of tumors within these nodes were recorded by an experienced
pathologist.

Statistical Analysis
The sensitivity of each imaging modality for detecting primary

tumors was compared with the histologic data. The sensitivity,
specificity, accuracy, and predictive values of each imaging method
were calculated on the basis of the presence of positive findings in
the neck and at cervical levels and were compared by use of the
McNemar test. A 2-tailed P value was used to compare 18F-FDG
PET with CT. The x2 test or the t test was used to compare SUV
categories and other clinical variables (sex, age, local tumor inva-
sion, T category, N category, TNM stage, and histologic grade).

Actuarial disease-free survival (DFS) and overall survival rates
were calculated by the Kaplan–Meier method. Persistent or re-
current tumor was documented by CT or MRI or by 18F-FDG PET.
The time interval for local control and survival endpoints was
calculated from the first day of treatment until the date of an event
or of the last follow-up. The log-rank test was used to assess the
correlation of these endpoints with the SUV and with the afore-
mentioned clinicopathologic variables. The Cox proportional
hazards model was used for multivariate analysis. Variables shown
to be significant in univariate analysis were selected for the Cox

model. A P value of less than 0.05 was considered statistically
significant.

RESULTS

The patient cohort consisted of 34 patients (25 men, 9
women) with a mean age of 61 y (range, 25–72 y) (Table
1). The most common sites of primary salivary gland
cancers were the parotid and submandibular glands, with
salivary duct and adenoid cystic carcinomas being the most
common histologic types. The primary tumors were graded
histologically as low (n 5 9), intermediate (n 5 6), or high
(n 5 19). Local invasion of the extraparenchymal soft tis-
sues, nerve, bone, or skin was detected in 21 of 34 patients
(61.8%). Twenty-two patients were in the T3–T4 stage, and
16 had neck metastases. The primary tumors were com-
pletely removed in 29 of 33 patients who underwent sur-
gery; their mean 6 SD size in the largest histopathologic
dimension was 3.1 6 1.6 cm. Four patients had micro-
scopic residual tumors at the surgical margins.

The sensitivity of 18F-FDG PET and CT for detecting
primary tumors was 31 of 34 (91.2%) and 27 of 34 (79.4%),
respectively (Table 2). In the other 7 patients, CT was
unable to detect definitive primary mass lesions in 5
patients (Fig. 1), and lesions in 2 patients appeared to be
multiple metastases from unknown primary sites. The pri-
mary tumor sites of the latter 2 lesions were the sub-
mandibular glands, and the SUVs of the primary lesions
ranged from 2.3 to 4.2. The largest diameter of these
7 lesions was 1.4 6 0.9 cm, and all lesions were detected
by 18F-FDG PET. Of the 3 false-negative findings on
18F-FDG PET, 1 was an acinic cell carcinoma (Fig. 2),
1 was an epithelial–myoepithelial carcinoma of the parotid
gland, and 1 was an adenoid cystic carcinoma of the
submandibular gland. 18F-FDG uptake was indistinguish-
able from that of normal glands, with maximum SUVs

TABLE 2
Analysis of CT and PET for Detecting Primary Tumors and Neck Disease in Patients with Salivary Gland Cancers

Factor on which

analysis was based

Imaging

modality

No. of findings

that were: % (95% Confidence interval)

TP FP FN TN Sensitivity Specificity Accuracy PPV NPV

Primary tumors

(n 5 34)

CT 27 7 79.4
18F-FDG PET 31 3 91.2

Patients with positive
findings in neck

(n 5 28)*

CT 12 3 3 10 80.0 (51–95) 76.9 (46–94) 78.6 (48–95) 80.0 (51–95) 76.9 (46–94)
18F-FDG PET 14 2 1 11 93.3 (68–99) 84.6 (54–98) 89.3 (61–98) 87.5 (63–98) 91.7 (61–99)

Cervical levels with
metastases

(n 5 117)*

CT 23 6 18 70 56.1 (39–71) 92.1 (83–97) 79.5 (69–87) 79.3 (62–92) 79.5 (69–87)
18F-FDG PET/CT 33 8 8 68 80.5 (65–91) 89.5 (80–95) 86.3 (62–94) 80.5 (65–91) 89.5 (80–95)

*Analyzed only in 28 patients who underwent dissection of total 117 cervical levels; data for 6 patients who did not have neck dissection

were excluded.

TP 5 true-positive; FP 5 false-positive; FN 5 false-negative; TN 5 true-negative; PPV 5 positive predictive value; NPV 5 negative

predictive value.
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ranging from 1.5 to 1.9; moreover, the largest diameter of
all 3 tumors was less than 2.5 cm. All 3 lesions, however,
were detected by CT.

Fifteen of 28 patients who underwent neck dissection
had multiple cervical metastases. Multiple neck diseases
were also suspected in 1 patient who had distant metastases
at initial staging and so received only palliative chemo-
radiotherapy. Thus, 16 of 34 patients (47.1%) were thought
to have cervical metastases of primary salivary gland can-
cers. Twenty-eight patients underwent dissection of 117
cervical levels and were included in the analysis of corre-
lation of CT, 18F-FDG PET, and histology (Table 2). 18F-
FDG PET accurately detected the presence or absence of
cervical metastases in 25 of 28 patients (89.3%), whereas
CT was accurate in 22 (78.6%). The sensitivity and spec-
ificity of 18F-FDG PET were significantly higher than those

of CT (P , 0.05). Among the 117 cervical levels, 18F-FDG
PET detected nodal disease accurately in 101 (86.3%),
whereas CT was accurate in 93 (79.5%). The sensitivity of
18F-FDG PET was more than 20% higher than that of CT (P
, 0.001), whereas the specificities of 18F-FDG PET and CT
did not differ statistically (P . 0.05). 18F-FDG PET falsely
interpreted neck disease in 3 of 28 patients (10.7%), yield-
ing 2 false-positive findings and 1 false-negative finding.
The false-positive findings were attributable to reactive or
inflammatory nodes, whereas the false-negative finding was
attributable to metastatic lymph nodes measuring less than
1.0 cm in the largest histologic dimension. In addition, 18F-
FDG PET correctly detected lung or liver metastases in 2
patients at initial staging.

The maximum SUVs were 3.8 6 2.1 (range, 1.4–8.7) for
primary tumors and 4.9 6 2.4 for cervical diseases (range,
1.5–8.8) (Table 1). When we used an SUV cutoff of 4.0 to
compare SUV category and other clinicopathologic vari-
ables (Table 3), we found that only histologic grading was
significantly related to SUV category (P 5 0.019): high-
grade salivary cancers tended to have increased focal 18F-
FDG uptake. High-grade salivary malignancies had higher
SUVs than did low- and intermediate-grade tumors (4.6 6

2.2 vs. 2.8 6 1.3; P 5 0.011) (Fig. 3).
At the last follow-up, 22 patients were alive. The mean 6

SD follow-up for surviving patients was 25.1 6 13.7 mo
(range, 12.3–56.6 mo). Six patients presented with persis-
tent or recurrent local–regional diseases on FNAB and
imaging by CT and 18F-FDG PET, and 9 presented with
new distant metastases. At 2 y, actuarial local control was
87.1%, DFS was 57.0%, and overall survival was 66.4%.

The maximum SUV was not significantly higher in the
14 patients who presented with local, regional, or distant
failure than in the 20 remaining patients (4.4 6 2.3 vs. 3.4 6

1.8; P 5 0.164). Univariate analysis for DFS showed that
local invasion, histologic grading, T category, N category,
and TNM stage were statistically significant (P , 0.02)
(Table 4). Patients with SUVs of greater than 4.0 had a
somewhat lower 2-y DFS (40.0% vs. 72.2%), but this

FIGURE 1. (A) Axial CT scan showing
no mass lesion in right submandibular
gland (white arrow) but multiple meta-
static nodes in right upper neck (open
arrows). (B and C) 8F-FDG PET scans
showing focal 18F-FDG uptake in sub-
mandibular area (black arrow) as well as
on right side of upper neck (open arrows).
Salivary duct carcinoma of 1.7 cm arising
in right submandibular gland, with multi-
ple cervical metastases, was demon-
strated histologically after surgery. (D)
Newly diagnosed lung metastasis (arrow)
10 mo after surgery and postoperative
radiotherapy.

FIGURE 2. (A) Axial CT scan showing well-defined round
enhancing lesion in right parotid gland (white arrow). (B and C)
Lesion is obscured by normal parotid gland 18F-FDG uptake on
PET images (black arrows).
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finding did not reach statistical significance (P 5 0.153)
(Fig. 4). In multivariate analysis, T category and N category
remained statistically significant variables (P , 0.05).

Twenty-two patients received follow-up CT, and 16 pa-
tients underwent follow-up 18F-FDG PET. Local–regional
disease recurred in 6 patients, whereas local recurrence or
progression was suspected in 4 patients; all were correctly
identified by combined interpretation of CT and 18F-FDG
PET. Follow-up 18F-FDG PET correctly diagnosed local–
regional recurrence in all 6 patients, as shown by biopsy,
and new distant metastases in 9 patients (Fig. 1D).

DISCUSSION

Salivary gland malignancy is currently managed primar-
ily by resection of the primary tumor, possibly in combi-
nation with neck dissection or subsequent radiotherapy.
Proper management requires accurate information about
the site and extent of tumors. Our results for 34 salivary
gland cancers are in agreement with previous evidence

(4,5) suggesting that 18F-FDG PET is more sensitive than
CT for detecting primary tumors in the head and neck.
However, 18F-FDG PET failed to detect primary tumors in
3 of 34 patients, probably because normal physiologic
uptake of 18F-FDG in the head and neck region, including
the salivary glands, is common and often mimics or hides
tumors (16). Generally, at our institution, the mean 6 SD
maximum SUV is lower in salivary gland malignancies
(3.8 6 2.1) than in squamous cell carcinomas of the upper
aerodigestive tract (7.5 6 3.4). Salivary gland malignancies
with relatively low 18F-FDG uptake may therefore be easily
obscured by the normal physiologic 18F-FDG uptake of the
salivary glands, with a reported mean SUV range of 1.9–2.9
(16). All of the lesions with false-negative findings on 18F-
FDG PET were low-grade malignancies, which generally
have lower 18F-FDG uptake than high-grade malignancies,
but were correctly detected by CT. Therefore, the combi-
nation of 18F-FDG PET and conventional CT or MRI may
eliminate the potential drawbacks of 18F-FDG PET alone in
detecting primary salivary gland tumors. Further, tumor
detection may be increased with 18F-FDG PET/CT scans,
which provide both functional and anatomic data and which
have better spatial resolution than PET scans alone.

In detecting metastatic neck disease, preoperative 18F-
FDG PET was also more sensitive than CT. The 2 false-
negative findings on 18F-FDG PET occurred in patients with
small tumors (,5 mm), which show 18F-FDG uptake similar
to that of normal tissue. In addition, 18F-FDG uptake may be
increased by inflammatory processes, contributing to false-
positive results (17). These errors may not be corrected when
conventional CT or MRI is combined with 18F-FDG PET.
Our results for salivary gland tumors confirmed that the
higher sensitivity and accuracy of 18F-FDG PET than of CT
or MRI may help to determine the necessity and extent of
neck dissection in patients with head and neck malignancies
(3–5). However, false results on 18F-FDG PET or CT are
commonly associated with inherent problems in the imaging
modalities (17,18), suggesting that both of these imaging

TABLE 3
Analysis of 18F-FDG Uptake of Primary Tumors in Relation to Clinicopathologic Parameters in Patients (n 5 34)

with Salivary Gland Cancers

No. of patients with the following

SUV category*:

Variable No. of patients #4.0 (n 5 19) .4.0 (n 5 15) Py

Men/women 25/9 12/7 13/2 0.123
Age category, y, #60/.60 21/13 12/7 9/6 0.851

Size category of primary tumor, cm, #3.0/.3.0 19/15 12/7 7/8 0.336

Local invasion of primary tumor, no/yes 13/21 9/10 4/11 0.217

T category, T1–T2/T3–T4 12/22 9/10 3/12 0.097
N category, N0/N1–N3 18/16 12/7 6/9 0.179

TNM stage, stages I–II/III–IV 7/27 6/13 1/14 0.074

Histologic grade, G1/G2/G3 9/6/19 6/6/7 3/0/12 0.019

*Maximum SUV of focal 18F-FDG uptake of primary tumors arising in salivary glands.
yObtained from x2 test; P , 0.05 was considered statistically significant.

FIGURE 3. Maximum SUVs of primary tumors according to
histologic grade. High-grade salivary malignancies had signif-
icantly higher maximum SUVs than did low- and intermediate-
grade tumors (P 5 0.011).
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methods may not completely abrogate the need for patho-
logic staging based on primary resection and neck dissection,
particularly in patients with high-grade salivary gland ma-
lignancies (19,20).

When we assessed the correlation between 18F-FDG up-
take and tumor invasiveness or histologic grade, we found that
histologic grading on the basis of clinicopathologic variables
was significantly related to 18F-FDG uptake, defined as an SUV
of greater than 4.0. High-grade salivary malignancies tended to
have higher 18F-FDG uptake than low- or intermediate-grade
salivary tumors. This finding is in agreement with previous
reports showing that enhanced glucose metabolism, as deter-
mined by the SUV, is a strong index of tumor grade in other
human malignancies, such as gliomas and soft-tissue sarcomas
(21,22). To our knowledge, our study is the first to show a cor-
relation between tumor 18F-FDG uptake and the histologic
grade of salivary gland cancers. Because high 18F-FDG uptake

can be found in benign salivary tumors, such as Warthin’s tu-
mors (9–12,14), however, the preoperative diagnosis of sali-
vary gland masses should include FNAB, CT or MRI, or
salivary gland scintigraphy as well as 18F-FDG PET. In ad-
dition, the SUV should not be used to differentiate high-grade
from low-grade tumors, as the overlap among different tumor
grades is too large. Because 18F-FDG PET was not associated
with local tumor invasion, this characteristic may be better
predicted by CT or MRI.

High 18F-FDG uptake is associated with aggressiveness in
head and neck cancers and a low probability of survival (23–
25). A similar association has been demonstrated for other
human cancers, such as brain, lung, and esophagus cancers and
malignant lymphomas (26–29); in all of these, the prognostic
value of a high SUV may be independent of the tumor stage.
18F-FDG uptake in patients with salivary gland cancers,
however, did not have similar prognostic significance in our
study. In univariate and multivariate analyses, a high SUV was
not a prognostic factor for survival. This result may have been
attributable to the inclusion of patients with salivary gland
pathologies and clinical features different from those of
squamous cell carcinomas or lymphomas. Because salivary
gland malignancies are relatively rare, only 34 patients were
included in this study. This factor also may have affected the
results for 18F-FDG uptake and survival. The utility of 18F-
FDG PET in the monitoring of such patients after treatment is
similar to that for other types of head and neck cancers; that is,
18F-FDG PET shows better detection of local–regional recur-
rences, distant metastases, and second primary malignancies
than do conventional imaging modalities (30,31).

To our knowledge, the present study involved the largest
series to date evaluating 18F-FDG PET in patients with
salivary gland malignancies (9–14). We also focused only
on malignant tumors of the salivary glands and tried to
minimize potential biases by comparing 18F-FDG PET and
CT results with those obtained histopathologically. However,
our study may have been limited by the inclusion of various
pathologies; by the high proportion of advanced-stage and
high-grade malignancies, such as salivary duct carcinomas;

TABLE 4
Analysis of Clinicopathologic Factors in Relation to DFS

Variable No. of patients % of patients with 2-y DFS P*

Men/women 25/9 54.5/76.2 0.513

Age category, y, #60/.60 21/13 61.8/48.4 0.577

Size category of primary tumor, cm, #3.0/.3.0 19/15 63.9/40.3 0.478
Local invasion of primary tumor, no/yes 13/21 85.7/38.6 0.015

T category, T1–T2/T3–T4 12/22 100/35.5 0.005y

N category, N0/N1–N3 18/16 82.0/34.3 ,0.001y

TNM stage, stages I–II/III–IV 7/27 100/45.1 0.014
Histologic grade, G1/G2/G3 9/6/19 100/80.0/46.1 0.018

SUV category of primary tumor, #4.0/.4.0 19/15 72.2/40 0.153

*Obtained from univariate analysis with log-rank test by Kaplan–Meier method.
yThis variable remained statistically significant after multivariate analysis with Cox proportional hazards model for DFS: T category,

P 5 0.049; N category, P 5 0.011.

FIGURE 4. Actuarial DFS according to SUV categories of
primary tumors. Survival rates for patients with high 18F-FDG
uptake (SUVs, .4.0) tended to be lower than those for patients
with low SUVs (#4.0), but difference was not statistically
significant (P 5 0.153).
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by the inclusion of 6 patients with minor salivary gland
cancers; and by the relatively short period after treatment. In
addition, the retrospective design and the small number of
patients may have been important limitations. Another
source of potential bias was that we did not routinely perform
18F-FDG PET before treatment for all patients with salivary
gland malignancies during the study period. Nevertheless,
we found that 18F-FDG PET was clinically useful for eval-
uating salivary gland malignancies, a type of tumor that has
not been studied extensively with 18F-FDG PET.

CONCLUSION

We investigated the clinical utility of 18F-FDG PET in
management for patients with salivary gland malignancies.
The roles of 18F-FDG PET in initial staging and monitoring
after treatment are significant, potentially affecting manage-
ment for these patients. Histologic grade may be predicted by
18F-FDG uptake, providing useful preoperative information
for surgical planning. In contrast to the situation for other
head and neck cancers, however, the utility of 18F-FDG
uptake for predicting the survival of patients with salivary
gland malignancies may not be significant.

ACKNOWLEDGMENT

This study was supported by a grant from the National
R&D Program for Cancer Control, Ministry of Health and
Welfare, Seoul, Republic of Korea (0620160-1).

REFERENCES

1. Spiro RH. Salivary neoplasms: overview of a 35-year experience with 2,807

patients. Head Neck Surg. 1986;8:177–184.

2. Bartels S, Talbot JM, DiTomasso J, et al. The relative value of fine-needle

aspiration and imaging in the preoperative evaluation of parotid masses. Head

Neck. 2000;22:781–786.

3. Adams S, Baum RP, Stuckensen T, Bitter K, Hor G. Prospective comparison of
18F-FDG PET with conventional imaging modalities (CT, MRI, US) in lymph

node staging of head and neck cancer. Eur J Nucl Med. 1998;25:1255–1260.

4. Stokkel MP, ten Broek FW, Hordijk GJ, Koole R, van Rijk PP. Preoperative evaluation

of patients with primary head and neck cancer using dual-head 18fluorodeoxyglucose

positron emission tomography. Ann Surg. 2000;231:229–234.

5. Kresnik E, Mikosch P, Gallowitsch HJ, et al. Evaluation of head and neck cancer

with 18F-FDG PET: a comparison with conventional methods. Eur J Nucl Med.

2001;28:816–821.

6. Zimmer LA, Branstetter BF, Nayak JV, Johnson JT. Current use of 18F-

fluorodeoxyglucose positron emission tomography and combined positron

emission tomography and computed tomography in squamous cell carcinoma

of the head and neck. Laryngoscope. 2005;115:2029–2034.

7. Menda Y, Graham MM. Update on 18F-fluorodeoxyglucose/positron emission

tomography and positron emission tomography/computed tomography imaging

of squamous head and neck cancers. Semin Nucl Med. 2005;35:214–219.

8. Kostakoglu L, Leonard JP, Kuji I, Coleman M, Vallabhajosula S, Goldsmith SJ.

Comparison of fluorine-18 fluorodeoxyglucose positron emission tomography

and Ga-67 scintigraphy in evaluation of lymphoma. Cancer. 2002;94:879–888.

9. Keyes JW Jr, Harkness BA, Greven KM, Williams DW III, Watson NE Jr,

McGuirt WF. Salivary gland tumors: pretherapy evaluation with PET. Radiology.

1994;192:99–102.

10. McGuirt WF, Keyes JW Jr, Greven KM, Williams DW III, Watson NE Jr,

Cappellari JO. Preoperative identification of benign versus malignant parotid

masses: a comparative study including positron emission tomography. Laryn-

goscope. 1995;105:579–584.

11. Okamura T, Kawabe J, Koyama K, et al. Fluorine-18 fluorodeoxyglucose positron

emission tomography imaging of parotid mass lesions. Acta Otolaryngol Suppl.

1998;538:209–213.

12. Uchida Y, Minoshima S, Kawata T, et al. Diagnostic value of FDG PET and

salivary gland scintigraphy for parotid tumors. Clin Nucl Med. 2005;30:170–176.

13. Otsuka H, Graham MM, Kogame M, Nishitani H. The impact of FDG-PET in the

management of patients with salivary gland malignancy. Ann Nucl Med. 2005;

19:691–694.

14. Ozawa N, Okamura T, Koyama K, et al. Retrospective review: usefulness of a

number of imaging modalities including CT, MRI, technetium-99m pertechne-

tate scintigraphy, gallium-67 scintigraphy and F-18-FDG PET in the differen-

tiation of benign from malignant parotid masses. Radiat Med. 2006;24:41–49.

15. Som PM, Curtin HD, Mancuso AA. Imaging-based nodal classification for

evaluation of neck metastatic adenopathy. AJR. 2000;174:837–844.

16. Nakamoto Y, Tatsumi M, Hammoud D, Cohade C, Osman MM, Wahl RL.

Normal FDG distribution patterns in the head and neck: PET/CT evaluation.

Radiology. 2005;234:879–885.

17. Fukui MB, Blodgett TM, Snyderman CH, et al. Combined PET-CT in the head

and neck: part 2. Diagnostic uses and pitfalls of oncologic imaging. Radiographics.

2005;25:913–930.

18. Stoeckli SJ, Steinert H, Pfaltz M, Schmid S. Is there a role for positron emission

tomography with 18F-fluorodeoxyglucose in the initial staging of nodal negative

oral and oropharyngeal squamous cell carcinoma. Head Neck. 2002;24:345–349.

19. Guzzo M, Di Palma S, Grandi C, Molinari R. Salivary duct carcinoma: clinical

characteristics and treatment strategies. Head Neck. 1997;19:126–133.

20. Lima RA, Tavares MR, Dias FL, et al. Clinical prognostic factors in malignant

parotid gland tumors. Otolaryngol Head Neck Surg. 2005;133:702–708.

21. Giammarile F, Cinotti LE, Jouvet A, et al. High and low grade oligodendro-

gliomas (ODG): correlation of amino-acid and glucose uptakes using PET and

histological classifications. J Neurooncol. 2004;68:263–274.

22. Tateishi U, Yamaguchi U, Seki K, Terauchi T, Arai Y, Hasegawa T. Glut-1

expression and enhanced glucose metabolism are associated with tumour grade

in bone and soft tissue sarcomas: a prospective evaluation by [(18)F]fluorodeoxy-

glucose positron emission tomography. Eur J Nucl Med Mol Imaging. 2006;33:

683–691.

23. Minn H, Lapela M, Klemi PJ, et al. Prediction of survival with fluorine-18-

fluorodeoxyglucose and PET in head and neck cancer. J Nucl Med. 1997;38:

1907–1911.

24. Halfpenny W, Hain SF, Biassoni L, Maisey MN, Sherman JA, McGurk M. FDG-

PET: a possible prognostic factor in head and neck cancer. Br J Cancer. 2002;

86:512–516.

25. Allal AS, Dulguerov P, Allaoua M, et al. Standardized uptake value of 2-[(18)F]

fluoro-2-deoxy-D-glucose in predicting outcome in head and neck carcinomas

treated by radiotherapy with or without chemotherapy. J Clin Oncol. 2002;20:

1398–1404.

26. Patronas NJ, Di Chiro G, Kufta C, et al. Prediction of survival in glioma patients

by means of positron emission tomography. J Neurosurg. 1985;62:816–822.

27. Ahuja V, Coleman RE, Herndon J, Patz EF Jr. The prognostic significance of

fluorodeoxyglucose positron emission tomography imaging for patients with

nonsmall cell lung carcinoma. Cancer. 1998;83:918–924.

28. Swisher SG, Erasmus J, Maish M, et al. 2-Fluoro-2-deoxy-D-glucose positron

emission tomography imaging is predictive of pathologic response and survival

after preoperative chemoradiation in patients with esophageal carcinoma.

Cancer. 2004;101:1776–1785.

29. Okada J, Yoshikawa K, Itami M, et al. Positron emission tomography using

fluorine-18-fluorodeoxyglucose in malignant lymphoma: a comparison with pro-

liferative activity. J Nucl Med. 1992;33:325–329.

30. Wong RJ, Lin DT, Schoder H, et al. Diagnostic and prognostic value of

[(18)F]fluorodeoxyglucose positron emission tomography for recurrent head and

neck squamous cell carcinoma. J Clin Oncol. 2002;20:4199–4208.

31. Kunkel M, Forster GJ, Reichert TE, el al. Detection of recurrent oral squamous

cell carcinoma by [18F]-2-fluorodeoxyglucose-positron emission tomography:

implications for prognosis and patient management. Cancer. 2003;98:2257–

2265.

246 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 48 • No. 2 • February 2007

by on March 15, 2017. For personal use only. jnm.snmjournals.org Downloaded from 

http://jnm.snmjournals.org/


2007;48:240-246.J Nucl Med. 
  
and Sang Yoon Kim
Jong-Lyel Roh, Chang Hwan Ryu, Seung-Ho Choi, Jae Seung Kim, Jeong Hyun Lee, Kyung-Ja Cho, Soon Yuhl Nam
  

F-FDG PET for Patients with Salivary Gland Malignancies18Clinical Utility of 

 http://jnm.snmjournals.org/content/48/2/240
This article and updated information are available at: 

  
 http://jnm.snmjournals.org/site/subscriptions/online.xhtml

Information about subscriptions to JNM can be found at: 
  

 http://jnm.snmjournals.org/site/misc/permission.xhtml
Information about reproducing figures, tables, or other portions of this article can be found online at: 

(Print ISSN: 0161-5505, Online ISSN: 2159-662X)
1850 Samuel Morse Drive, Reston, VA 20190.
SNMMI | Society of Nuclear Medicine and Molecular Imaging

 is published monthly.The Journal of Nuclear Medicine

© Copyright 2007 SNMMI; all rights reserved.

by on March 15, 2017. For personal use only. jnm.snmjournals.org Downloaded from 

http://jnm.snmjournals.org/content/48/2/240
http://jnm.snmjournals.org/site/misc/permission.xhtml
http://jnm.snmjournals.org/site/subscriptions/online.xhtml
http://jnm.snmjournals.org/

